The mean heart weight as a measure of arterial hypertension of patients who died from spontaneous intracerebraj hemorrhage (primary intracerebral hemorrhage or PIH) was compared with that of controls from the same autopsy population. All patients with valvular or congenital heart disease or disease processes associated with myocardial infiltration were excluded. In 206 cases of PIH, hypertension was diagnosed if heart weight a the mean heart weight of autopsy controls for either sex, plus 1.5 SD. Only 94 (46%) of all cases of PIH were hypertensive by this criterion. However, hypertension was five times more frequent in the cases than in the controls. The site of hemorrhage was clearly defined in 183 cases (88.8%) only. Of these, 80 (43.7%) had lobar hemorrhage and 69 (37.7%) bled in the basal ganglia. Only 26 cases (12.6%) had evidence of previous cerebral or myocardial infarction and there was no instance of previous intracerebral hemorrhage. These data show that arterial hypertension was present in about half the cases of PIH and suggest that other as yet unidentified risk factors for PIH may be more common than is realized. Patients who died from PIH had been healthy all their lives with no evidence of cardiovascular or cerebrovascular disease, and the PIH was their first evidence of disease. (Stroke 1987;18:531-536) A RTERIAL hypertension as the major risk factor / \ for primary intracerebral hemorrhage (PIH) is A. \ -well recognized.
Subjects and Methods
The medical records and autopsy data of patients over the age of 15 with a diagnosis of intracerebral hemorrhage (ICH) in the Neuropathology Department of the Armed Forces Institute of Pathology (AFTP) in Washington, DC, from 1965 through 1981 were reviewed. All cases in whom ICH was due to head injury were excluded. Supratentorial and infratentorial hemorrhages < 3 and 1.5 cm in maximum diameter, respectively, were not accepted, thus excluding small or incidental ICH. Suspected cases of hemorrhagic brain infarction were excluded. Only cases in which autopsy had unequivocally demonstrated substantial ICH as the principal cause of, or a major contributor to, death were included in this study. Patients with clinical or autopsy evidence of congenital or valvular heart disease were excluded.
The frequency of hypertension in the PIH group was assessed by comparing cases' heart weights with those of age-and sex-matched controls randomly picked from the same autopsy population with no evidence of valvular or congenital heart or cerebrovascular disease. Cases and controls with amyloid, leukemic, or lymphomatous myocardial infiltration were excluded. It was assumed that if there was a bias in case selection for autopsy at AFIP it would operate equally in the cases and controls. Spontaneous ICH for which there was no cause such as ruptured berry aneurysms, arteriovenous malformations, reticuloendothelial malignancies, other hematologic disorders, or primary and secondary brain tumors, was classified as PIH. Heart weights of Air Force men who, until their fatal accidents, took regular vigorous physical exercise were also analyzed to provide a range of heart weights in athletic individuals. The mean heart weight of the con- The ages (median and range) of cases with PIH, cases in whom ICH was secondary to ruptured berry aneurysms or arteriovenous malformations, and the controls are shown in Table 2 . The median age of cases with PIH was 11 years older than that of cases of ICH secondary to ruptured berry aneurysms or arteriovenous malformations. Women with PIH were on average 4 years younger than their male counterparts. Figure 1 shows the age distribution of all the PIH cases. There was a major peak in the 6th decade with smaller peaks in the 3rd and 8th decades. The frequency of PIH rose steeply from the 5th decade, reaching a maximum in the 50-55 year olds. Thereafter it fell sharply but remained high until the 70th year. Nearly 70% of all cases with PIH were aged between 40 and 69 years, while only 16.5% were over the age of 70 years. Clinical evidence of hypertension (resting arterial blood pressure of at least 160/95 mm Hg on several occasions) was available for only 57 cases (26.1%) in the PIH group. Heart weights were available for these and another 149 cases without adequate knowledge of their preictal blood pressure. Table 3 shows the mean heart weight in grams of those 206 PIH cases and controls. PIH cases had heavier hearts, and the differences were highly significant (/?<0.0001). When the mean heart weight of the male controls was compared with that of the female controls the difference was also highly significant (p<0.0001). Likewise, the male PIH cases had heavier hearts than did their female counterparts. There was no correlation between heart weight and age, body weight, height, or body mass index for either sex.
The mean heart weight of the controls plus 1, 1.5, and 2 SD are shown in Table 4 . Similarly calculated values for 178 physically fit and regularly medically supervised young-to-middle-aged Air Force men who died from accidents are also shown. Table 5 shows the basis for classifying hypertension. The heart weight ranges shown were approximate figures obtained by adding 1, 1.5, and 2 SD to the mean heart weight of the •Excludes 12 cases of PIH whose heart weights were unknown. tExcludes 9 cases whose heart weights were unknown. p<0.0001 *Mean heart weight of male cases with PIH was significantly greater than that of female cases (p < 0.0001).
tMean heart weight of male controls was significantly greater than that of female controls (p < 0.0001). (Table 4) . Of the 57 cases of PIH known to have been treated for hypertension, 50 (88%) were identified as at least moderately hypertensive by these diagnostic criteria.
The frequency of hypertension among the controls and PIH cases is shown in Table 6 . Mild hypertension was equally common in the PIH cases and controls. However, moderate-to-severe hypertension was almost 5 times as common in the PIH group as in the controls. When all grades of hypertension were considered, 55.8 and 20.9% of the PIH group and the controls, respectively, were hypertensive. Thus, regardless of the severity, hypertension was nearly 2.7 times more common in the PIH group than in the appropriate controls. However, when all the cases of PIH were reviewed individually and by age groups (Table 7) , it was clear that hypertension was not universal. In the age group in which PIH was most commonly found (45-64 years), hypertension was present in only half the cases. Overall, the percent of normotensives among cases with spontaneous ICH was greater than reported in other series (Table 8 ). There were 63 cases of ICH secondary to ruptured berry aneurysms or arteriovenous malformations or mycotic aneurysms. The mean heart weight of these cases was significantly higher than that of the age-and sexmatched controls (p<0.02) selected from the same autopsy population during the study period. However, the frequency of moderate-to-severe hypertension in these cases judged by the present criteria was only 25.5% compared with 17.6% in the controls.
The sites of PIH and the association with hypertension are shown in Table 9 for 183 cases for whom data was available. Lobar hemorrhages were more frequent than basal ganglia ones and were associated with normotension in 52.5% of the cases. In contrast, 37.7% of the basal ganglia PIH was associated with normotension.
Clinical or autopsy evidence of previous vascular disease was obtained in 31 (15%) of the cases with PIH. None of these had a previous ICH. The majority (151 cases, 73.3%) of those who died from PIH had been healthy all their lives. Sixteen cases (8%) had a prior history of cerebrovascular disease (13 cerebral infarctions and 3 transient ischemic attacks). Only 9 (56%) of these were hypertensive in contrast to 13 cases (87%) with myocardial infarction or angina pectoris who were hypertensive (Table 10) . Diabetes mellitus documented in life and alcoholic cirrhosis suspected clinically and suggested by liver histopathology were present in 13 and 11 cases, respectively. Hypertension was uncommon in the cirrhotic cases.
Discussion
PIH accounted for 12.5% of all cases of stroke seen in an autopsy population during a period of 17 years. This figure is similar to the 10% reported from general population studies, 5 and the frequencies of secondary causes of spontaneous ICH were also similar to those encountered in most series. However, the frequency of hypertension (34%) in ICH in this series was higher than only that reported by McCormick and Rosenfield, 2 who reported 26%. This is partly a reflection of the strict diagnostic criteria for hypertension used in this study.
That the mean heart weight of male controls was significantly heavier than that of their female counterparts (Table 3) casts doubt on the validity of using a Table 5 . Weight
Classification of Hypertension According to Heart
Degree of hypertension Range of heart weight (g) *The frequency of a particular degree of hypertension in the PIH group divided by the corresponding frequency in the controls. Series excluded children; hypertension: heart weight of at least 450 g for men and 380 g for women fixed figure as the upper limit of normal heart weight regardless of the individual's sex. 25 The mean heart weight of the very healthy young-to-middle-aged men provided us with an idea of the range of supernormal heart weights for males of this age group. Thus, it is of interest that the mean heart weight of the male controls plus 1.5 SD (the basis for classifying hypertension as at least moderate) was only 10 g heavier than the mean heart weight of the healthy men plus 2 SD (Tables 4  and 5) .
Mild hypertension based on the control mean heart weight plus 1 SD was just as common in the cases of PIH as in the controls. It therefore seemed reasonable to regard sustained hypertension as present only if the individual's heart weight was at least equal to the control mean heart weight plus 1.5 SD. Thus, 9.4% of the autopsy controls had sustained hypertension based on this definition while 20.9% had hypertension of all grades. It is interesting to note that the prevalence of hypertension in a large US community of 20,608 adults was 20% while that of sustained hypertension alone was 9%. 9 Of the 57 cases of PIH in whom there was clinical evidence of hypertension, 50 (88%) were correctly diagnosed at autopsy as such, which provided further indication of the sensitivity of the method. At least 44% of all the PIH cases were normotensive compared with 52% at the Mayo Clinic.
l0 It is also of interest that hypertension was found in just over 60% of the cases who bled in the basal ganglia, the widely quoted site of "hypertensive hemorrhage."
Recently, there has been increased awareness of the role of cerebral amyloid angiopathy in PIH in the elderly."" 13 This might be relevant to the normotensive PIH cases in this study who had a high percentage of white matter hemorrhages (Table 9 ), a feature typical of cerebral amyloid angiopathy. 12 However, none of the patients in this series had multiple hemorrhages, another suggested feature of this condition.
14 In the present series, there were 36 cases of PIH over the age of 70 years, the age group in which cerebral amyloid angiopathy occurs most commonly. Fifty percent of these were normotensive. Even if the remaining 18 cases of PIH in the over-70 year olds had cerebral amyloid angiopathy, which was not specifically looked for, there would still be a total of 94 cases (45.6%) of unexplained PIH in the whole series.
The frequency of cases of ICH secondary to ruptured berry aneurysms or arteriovenous malformations with hypertension was 25.5% compared with 17.6% in the controls drawn from the same autopsy population. Analyses from other centers have also reported that the frequency of hypertension in primary subarachnoid hemorrhage is not different from that in a control or The number of cases who were hypertensive are given in parentheses.
general population." However, the Framingham Study, which is a community prospective study, has shown a correlation between subarachnoid hemorrhage and arterial hypertension. 16 Prior history or postmortem evidence of clinically significant vascular disease among PIH cases was uncommon. Indeed, there were no instances of ICH prior to the fatal event, and clinically or autopsy-documented cerebrovascular disease was present in only 16 (7.8%) of all the cases. Eighty-five percent of all cases of PIH were free of vascular disease prior to the final event. It is worth noting that in another large series of fatal PIH, 75% of cases had no prior history or evidence of vascular disease. 17 In view of the reported association of alcohol abuse and PIH, 18 suggestive histologic features of alcoholic cirrhosis were specifically looked for in this study. Only 11 were diagnosed as such, and all but 3 were normotensive. No comment can be made on the suggestion that alcohol causes PIH through chronic elevation of blood pressure" as the numbers were small. When all systems were reviewed by studying all the available clinical notes and autopsy records, at least 73% of the PIH cases had been healthy all their lives until their first and terminal stroke.
In conclusion: Moderate-to-severe hypertension was found in only 46% of cases of fatal PIH. This low frequency does not necessarily reflect on the validity of the diagnostic criteria used. By applying these same criteria, the frequency of hypertension in the control autopsy population was very similar to that found in a large US community. 9 Since only half the cases of PIH in the over-40 year olds and almost 80% in the younger age group were normotensive (Table 7) , it suggests that there are risk factors for PIH other than hypertension that need to be identified. Such factors may differ in different age groups; for example, cerebral amyloid angiopathy in the aged with nonhypertensive PIH." The importance of searching for risk factors for PIH is further underscored by the fact that the majority of those who die from it may not have evidence of prior serious general or vascular disease, and that of all strokes, PIH has the highest mortality. 16 The present findings, based on a highly selected though heterogeneous group, need to be confirmed by communitybased prospective surveys.
